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I rd i a  
Sorghum and pearl  mil le t ,  s t ap le  ce rea l s  i n  the  semi-arld t r o p l c s ,  
a re  at tacked by many pests  of several kinds, from the  seedling 
stage up to and a f t e r  crop maturity. Some of the  more important 
pests  of  these two crops a r e  described, and p o s s i b l l l t l e s  f o r  
the i r  control  a r e  discussed. Management practices, host-plant 
resis tance,  and pest ic ides a r e  avai lable ,  i n  various combina- 
t ions,  t o  control  the pests  of these crops, and more opt lons 
w i l l  become ava i lab le  i n  the  future.  The combinations of pes t  
control methods t h a t  farmers a r e  ab le  and wil l ing t o  use, how- 
ever, depend upon the interact ion of  several biological ,  soc ia l ,  
economic, comerc ia l ,  and p o l i t i c a l  f ac to rs ,  and due a t t e n t i o n  
must be given to  a l l  of these i f  e f fec t ive  pes t  control  and 
sustained increased production of these crops i s  to  become a 
r e a l i t y .  
Sorghum (Sorghum bicolor)  and pearl  m i l l e t  (Pennisetum americanum) 
a r e  the s t a p l e  ce rea l s  i n  the semi-arid t rop ics  of South Asia and Africa 
where they a r e  grown primarily a s  subsistence crops almost e n t i r e l y  on 
small  farms. The g ra in  yields  a r e  miserably low i n  these regions (400- 
600 kg/hal compared with yields  i n  more developed regions (2000-4000 kg/ha) ,  
where they a r e  produced primarily fo r  animal feed ( F A 0  1981). The low 
g r a i n  yields ,  combined with the  high population growth r a t e s  i n  the  Afri-  
can and Asian semi-arid tropics,have resul ted in  .? , ; teadi ly de te r io ra t ing  
food supply s i t u a t i o n  (World Bank 1979, IADS 1381).  There i s  an urgent 
need to increase grain production from these two basic food crops in  order  
to a l l e v i a t e  increasing problems of hunger and malnutr i t ron and consequent 
human suffer ing,  sub-optimal a c t i v i t y ,  and socio-pol i t ical  unrest .  
We recognize t h a t  the  low gra in  yields  of these two crops on small 
farms i n  the  t rop ics  a r e  the r e s u l t  of the act ions and in te rac t ions  of  
severa l  biofogical ,  environmental, management, and socio-economic fac to rs ,  
and t h a t  the re  a r e  M simple, easily-implementable solut ions.  A s  b i o l o g i s t s  
our  primary concern is with the  in te rac t ions  of a io log ica l ,  c l imat ic ,  
edaphic, and management fac to rs  and the developnent of production techno- 
logy t h a t  i n  t h e  appropriate social-political-economic cl imate w i l l  re-  
sult i n  iacreased g ra in  production on a sustained bas i s .  
m a t  damaging pes t s  of sorghum and pear l  m i l l e t  In the t r o p i c s  
- fungi, i n ~ e ~ t s .  bacter ia ,  viruses,  p a r a s i t i c  and non-parasitic 
4, a ~ l d  birds  (Fer ra r i s  1973, Tarr 1962, Teetes  at 2. 1980, Williams 
1983). There is a dearth of precise information on the  y ie ld  
1- caused by these  pests ,  but we do know t h a t  they can bs devas ta t ing ,  
& un individually, on a loca l  basis, cause y ie ld  losses  i n  the  50-1001 
I-. What the average overal l  losses  a r e  would be a guess, and our guess 
1s in t h e  15-501 range, depending upon locat ion and season (not included 
tn these estimates a r e  losses  in  opportunity t o  grow more-productive exo t ic  
c ~ l t i v a r s  because of the i r  u l t r a - suscep t lb l l i ty  t o  loca l  p e s t s ) .  
The inab i l i ty  to  be more precise on the  overa l l  magnitude of y le ld  
losses is due to insuf f i c ien t  information on the ex ten t  of damage by t h e  
various pes t s ,  and t o  the lack of information f o r  several  of them on t h e  
relat ionships between damage l eve l s  and yleld l o s s .  As in tegra ted  con t ro l  
requires the  maintenance of pes t  l eve l s  g w  t h o s e t h a t  cause s i g _ n i f & a ~ t  
economic damage, it obviously requires  tha t  these  l a t t e r  r e la t ionsh ips  be 
known. Considerable resources a r e  needed to  conduct the surveys and y ie ld -  
loss  s tud ies  necessary to gain t h i s  knowledge. 
In t h e  limited space ava i l ab le  we have chosen examples of d i f f e r e n t  
types of  pes t s  which a re  known to cause considerable damage during t h e  
seedling, pre-flowering, and post-flowering growth s tages ,  and have used 
these t o  explore what might be done t o  develop integrated control  pro- 
gramnes i n  these two crops i n  the t rop ics .  We have not provided informa- 
t ion on t h e  problem of grain-eating b i rds ,  which 1s  the sub jec t  oE a 
s p e c i a l i s t  internat ional  programme recent ly summarived by Bruggers & 
Jaeger (1982) . 
SOME DEFINITIONS AND PRECONCEPTIONS 
The term pest is used i n  a broad sense t o  encompass a l l  l i v i n g  orga- 
nisms t h a t  damage sorghum and pearl  m i l l e t  crops.  The term integrated 
control ,  which we regard a s  including the more modish in tegra ted  
management, is used to  describe the employment of any o r  a l l  s u i t a b l e  
techniques and methods of pes t  control  i n  a s  compatible a manner a s  
possible t o  maintain pest l eve l s  i n  a crop below those t h a t  cause s ign i -  
f icant  economic damage. 
Sorghum and pear l  m i l l e t  a r e  attacked i , j .  many d i f f e r e n t  pes t s  during 
crop developnent. I n  t h i s  s i t u a t i o n  inteqrated control  does not necessa r i ly  
imply t h e  use of more than one control  measure against  one spec i f i c  p e s t ,  
but t h e l r  use i n  the  control  of  the complex of pests  t h a t  damage these  
crops during t h e i r  development. 
The components ava i l ab le  fo r  integrated control  programmes can be 
drouped in to  three general categories:  ( a )  crop-management p rac t i ces  
(often c a l l e d  c u l t u r a l  con t ro l ) ;  (b)  host-plant r es i s t ance  (which in-  
cludes immunity, resis tance,  and to le rance) ;  ( c )  ex te rna l ly  appl ied che- 
micals (which can be protect ive and/or curat ive,  and can be systemic o r  
non-systemic). Farmers have t r a d i t i o n a l l y  used some of these  control  
measures i n  an integrated way since the  beginnings of agr icu l tu re .  Such 
integrated control  was developed empirically, and i s  general ly adequate 
to prevent catastrophic crop losses  (though l o s s e s  a r e  o f ten  cons iderab le ) .  
Transforming t r a d i t i o n a l  systems to r a i s e  crop production p o t e n t i a l s  
increases the po ten t ia l  magnitude of crop l o s s  and t h e  vu lnerab i l i ty  t o  
catastrophic pest  a t tack.  The development of  new s e t s  o f  integrated p e s t  
control p rac t i ces  is, therefore,  an essen t ia l  p a r t  of  t h e  d e v e l o p e n t  of  
a more productive and in tens i f l ed  farming system, t o  stabilize production 
a t  a much higher l e v e l .  
CONTRlL OF SEED AND SEEDLING PESTS 
The planted seeds and subsequent seedl lngs a r e  hlghly vulnerable  t o  
pes t  a t t ack .  The seeds can be removed or  damaged by lnsec t s  p r l o r  to  ger- 
mlnatlon, 3. termltes  (Hodotcrmes spp.) and a n t s  (Messor spp.1 can cause 
considerable loss  of planted seed, causlng losses  In p lan t  s tand t h a t  can- 
not be adequately compensated fo r  l a t e r .  When the  seedl lngs a r e  emerqlng 
and for  several  days a f t e r  emergence they a r e  vulnerable t o  a t t a c k  by 
5011-lnhabltlng Insects ,  9. cut-worms (Agrotls spp.)  , by u n s p e c ~ a l l z e d  
p lan t  pathogens such as Pythium spp and fusarlum spp. ,  by sper la l l zed  
pathogenic fungi such a s  downy mlldews (Sclerospora gramlnlcola, Perono- 
s c l e r o s w r a  spp.) ,  by shoo t f l i e s  (Atherigona spp.) and the  parasitic 
-- -- 
witchweeds (% spp.1. These may k l l l  the  seedl lngs,  causing reduced 
p lan t  populations, o r  cause reduced growth and product ivi ty  i n  surviving 
p lan t s .  Factors  t h a t  delay seedling emergence and/or reduce seedl ing v i -  
gour, such a s  s o i l  crust ing,  waterlogging or  drought, increase the  vul- 
ne rab i l i ty  of seedlings to  these pes t s .  
Increased seeding ra tes  have t r a d i t i o n a l l y  been used t o  p a r t i a l l y  
compensate f o r  ant icipated stand reduction, but  t h i s  i s  wasteful of valu- 
a b l e  seed, and i s  not e f fec t ive  fo r  the  problems t h a t  become evident  some 
time a f t e r  the  seedling s tage such a s  downy mlldew and witchweed. More- 
d i r e c t  methods a re  ava i l ab le  t o  control  several  of the  seedl ing p e s t s  
and they a r e  discussed below. 
Unspecialized seedling pests  
I t  is unl ikely t h a t  host-plant r es i s t ance  w i l l  be found e f f e c t i v e  
f o r  the con t ro l  of unspecialized seed and seedling pes t s .  As indicated 
above, c e r t a i n  management p rac t i ces  can be used t o  compensate f o r  o r  
he lp  reduce the e f f e c t s  of the unspeclalized sc~.l::nq pes t s  (over-seeding, 
prevention of crust ing,  waterlogging, d rought ) ,  but the  most e f f e c t i v e  
d i r e c t  con t ro l  measure fo r  t h i s  group of pes t s  1s treatment of seed with 
systemic pes t i c ida l  chemicals. 
The advantages of seed treatment f o r  the control  of  unspecialized 
seedl ing p e s t s  a re :  ( a )  small q u a n t i t i e s  o f  pes t i c ides  a r e  needed a t  seeding 
r a t e s  of 5-10 kg/ha and appl icat ion r a t e s  of 4-8 g product per  kg seed, 
whicb i s  economical and causes minimal environmental hazard; (bl no expen- 
s ive '  or  complicated appl icat ion equipment i s  required f o r  treatment, nor 
a high leLel of farmer technical  . s k i l l ;  ( c )  no ex t ra  labor  o r  ex t ra  water 
has  to be obtained f o r  treatment, thus keeping app l ica t ion  c o s t s  low. 
If l o c a l  researchers  can c l e a r l y  es tab l i sh  what a r e  the important 
l o c a l  seed and seedlinq pes t s  of sorghum and pear l  m i l l e t ,  s u i t a b l e  
pes t i c ide  mixes can probably be developed fo r  use a s  a seed treatment 
o f f s c t i V e  con t ro l  of these pes t s .  
u l i r a d  seedl ing p e s t s  
shoo tfl ieo 
s h o o t f l i e s  l a y  eggs on young seedl ings  of sorghum and p e a r l  m i l l e t  
(-ugh they a r e  a m r e  Ser ious  problem on sorghum), and t h e  l a r v a e  k i l l  
t ~ ,  gmwing po in t s  whi le  feeding,  causing the  characteristic dead-hear t  
sylptoms. The i n t e n s i t y  o f  i n f e s t a t i o n  can be e f f e c t i v e l y  c o n t r o l l e d  by 
m g e m e n t ,  pes t i c ides ,  and by hos t  p l an t  r e s i s t ance .  
I f  a l l  t h e  sorghum crop In  an  a rea  1s planted a t  t h e  same tlme, wlth 
t h e  f ~ r s t  r a m s ,  then damaglnq l n f e s t a t l o n  1s normally avolded, f o r  by t h e  
t l a e  the  f l y  population has  bu i l t -up  to  what would have been damaglng l e -  
v e l s ,  the  p l a n t s  have passed t h e  s t age  of hlgh s u s c e p t l b ~ l l t y .  La te r  p lan-  
t ed  f l e l d s ,  o r  f r e l d s  l n  whlch seedlrng growth 1s r e t a rded ,  t hus  ex'endlrig 
t h e  perlod of susceptibility, a r e  t he  most vulnerable  t o  s eve re  a t t a c k  and 
need to  be protected by one o r  more of t he  o the r  available c o n t r o l  measures. 
Granular formulations of systemic ln sec t i c ldes  such a s  carbofuran,  
app l i ed  i n  t h e  furrows o r  seed pockets along with t h e  seed,  can e f f e c t i -  
ve ly  con t ro l  shoo t f ly  i n  sorghum (and presumably a l s o  i n  p e a r l  m i l l e t 1  
(Vedamoorthy &. 1965, Barry 1972). Research i n  Indla  over  s e v e r a l  
yea r s  has c l e a r l y  iden t i f i ed  sorghum genotypes t h a t  i n  a mul t ip le-choice  
high-challenge f le ld-screening s i t u a t i o n  a r e  c o n s i s t e n t l y  much l e s s  dama- 
ged by shoo t f ly  than most o the r  genotypes (Jotwani & Davies 1980) .  More 
r e sea rch  is needed to  determine the  mode(s1 of ac t ion  of t h i s  apparent  
r e s i s t ance ,  and t o  a c t i v e l y  incorporate  i t  in to  high-yield c u l t i v a r s .  
For t he  immediate fu tu re ,  a v a i l a b l e  con t ro l  measures a r e  t imely 
p l an t ing  and systemic i n s e c t i c i d e s  appl ied along with seeds .  I t  i s  p s -  
s l b l e ,  however, t h a t  wi thin  5-10 years  agronomically d e s i r a b l e  c u l t i v a r s  
w i l l  be a v a i l a b l e  with moderate t o  high l e v e l s  of shoo t f ly  r e s i s t a n c e .  The 
purchase of high-cost systemic in sec t i c ides  w i l l  not be an  economically 
v l a b l e  opt ion f o r  most smal l -scale  farmers; t he re fo re  t h e  e a r l y  p l a n t i n g  
o p t i o n  w i l l  be t he  major method of shoo t f ly  c o n t r o l  i n  t h e  fo re seeab le  
f u t u r e .  
Downy mildews 
The fungi  t h a t  i n c i t e  t he  downy mildew d i s ~ , : . . , s  of sorghum and p e a r l  
m i l l e t  survive  in  the  s o i l ,  and with t h e  seed, as thick-walled r e s t l n g  
spo res  t ha t  a r e  somehow t r igge red  t o  germinate and i n f e c t  young seed l ings .  
They then colonize  t h e  growing p o i n t s  of t h e  in fec t ed  p l a n t s ,  causing 
systemic d i sease  i n  t h e  organs d ~ f f e r e n t i a t e d  a f t e r  growing-point co lon i -  
za t ion ,  including the  rnf lorescence which i s  rendered p a r t i a l l y  o r  comple- 
t e l y  s t e r i l e  depending on the  s t a g e  of development a t  which g r o w i n g - p i n t  
i nvas ion  occurs .  L i t t l e  o r  no compensation i n  y i e l d  by non-diseased p l a n t s  
occurb,  because diseased p l an t s  o f t e n  compete f o r  environmental r e sou rces  
r i g h t  up to matur i ty  bu t  produce no g ra in .  
The two major methods a v a i l a b l e  f o r  con t ro l  of downy mildews a r e  
host -plant  r e s i s t a n c e  and seed t reatment  with t h e  sys temic  fung ic ide  
rnetalaxyl (Williams 6 Singh 1981, Anahosur 1982) .  Sources of resistance 
to Peromsclerospora  i n  sorghum and Sclerospora  qraminicola  i n  
pearl m i l l e t  a r e  a v a i l a b l e  and a r e  being a c t i v e l y  u t i l i z e d  (Wil l iams 1983) .  
Scad t rea tment  wi th  metalaxyl could have Lmmedtate m p a c t  on  produc- 
t i o n  Of p e a r l  m l l l e t  In  West Afr lca  where average annual y l e l d  l o s s e s  from 
downy u l d e w  a r e  e s t m t e d  to be about  101, and lnd lv ldua l  f a rmers  l o s s e s  
c a n  be a s  h igh a s  50% (King & Webster 1970, Wllllams 1983) .  The use  of 
metalaxyl seed-treatment on c u l t l v a r s  h ighly  susceptible t o  downy mlldew 
should,  hcwever, be avoided, f o r  t h a t  would p r o v ~ d e  a  hlqh s e l e c t r a n  
p re s su re  on t h e  pathogen f o r  t h e  s e l e c t i o n  of pathatypes  w ~ t h  reduced 
s e n s l t l v l t y  o r  even r e s l s t a n c e  t o  t h e  a c t l v e  lnq red len t  of t h ~ s  funq lc lde .  
The comblned use  of host -plant  r e s i s t a n c e  and .;red-treatment w l th  metalaxyl  
would probably p r o v ~ d e  e f f e c t ~ v e  long-lasting ,on t ro l  
Wltchweed 
The w~tchweed su rv lves  t h e  lonq dry-season of t h e  seml-arid t r o p l c s  
. - 
i n  t h e  s o i l  a s  a  seed whlch is  triggered t o  germinate by exudates  from t h e  
hos t - seed l ings  roo t s .  The roo t  of t h e  yermrnatlng wltchweed p l a n t  rapidly 
pene t r a t e s  t h e  host  r o o t  and absorbs  from the  hos t -p l an t  n u r r l e n t s  f o r  t h e  
developlnq wltchweed p l a n t .  I n  severe  r r i fes ta t iun many wltctrweed p l a n t s  
may p a r a s i t r s e  one hos t -p l an t ,  causlnq s tun ted  growth and low o r  no gra l r i  
y i e l d .  Each season t h e  witchweed p l an t s  flower and subsrqucnt ly  s c a t t e r  
l a r g e  rdmbers of t l ny  seeds  t o  i n f e s t  fu tu re  c rops .  
Th-s p e s t  i s  one of the  most d ~ f f l c u l t  t o  ~ o n t r o l  f o r  t h e r e  does  no t  
appear  t o  be any e f f e c t l v e  and f e a s l b l e  shor t - term management c o n t r o l  
practice. Control wlth c o n v e n t ~ o n a l  he rb l c ldes  1s a l s o  d l f t ~ c u l t ,  because 
much of the  damage 1s done t o  t h e  hos t -p l an t  before  t h e  p a r a b l t p  emerges 
from the  s o r l .  What r s  needed 1s an he rb l c lde  e f f e c t l v e  against t h e  wltch- 
weed but  wlth no e f f e c t  on t h e  h o s t s ,  t h a t  could be app l l ed  a s  o sead-  
d r e s s i n g  o r  in-furrow t reatment ,  and t h a t  would be t r a n s l o c a t e d  l n t o  t h e  
developlnq r o o t  systems of t he  younq hos t -p l an t s  and k r l l  t h e  ~ n v a d l q g  
wltchweed r o o t s  (a  very un l lke ly  discovery'). 
The g r e a t e s t  p o s s i b i l i t y  f o r  e f f e c t i v e  c o n t r o l  of wltchweed i n  t h e  
f u t u r e  appears  t o  be with host -plant  r e s l s t a n c e .  Research In Ind ia  wi th  
S t r l g a  a s i a t i c a  and i n  Afr lca  with 2. hermonthlca I n d i c a t e  t h e  availability 
I n  t h e  sorghum germplasm c o l l e c t i o n  of genotjjprs t h a t  can r e s i s t  s eve re  
i n f e s t a t i o n  by t h i s  p e s t  (Ramiah & Parker 1982) .  The r e a l i z a t i o n  o f  t h i s  
p o t e n t i a l  depends upon t h e  p l a n t  b reede r s ,  bu t  5 - : '  yea r s  from now S t r l g a -  
r e s i s t a n t  sorghum c u l t i v a r s  could be a v a ~ l a h l * . .  ,111d t h e r e  docs no t  appcar  
t o  b e  any reason why t h e  same could not be dorlt, Ln p c a r l  m l l l ~ t .  
CONTROL OF PESTS OF ADULT PLANTS 
P e s t s  of veye ta t lve  p l a n t  organs  
Stem bore r s  
As sorghum and p e a r l  m i l l e t  p l a n t  stems begin t o  t.hicken t.hey become 
t a r g e t s  for  s eve ra l  spec i e s  of s t e m - b r i n g  Lepldoptera ,  which on younger 
p l a n t s  c a n c a u s e  "dead-hearts",  b u t  a r e  recognized p r imar i ly  by t h e  stem- 
tunnel ing h a b i t s  of t h e  l a rvae  a s  they feed i n  a d u l t  p l a n t s .  Extensive  
tunne l ing  o f  stems and peduncles can occur ,  w i t h  o r  wi thout  c o l l a p s e  o r  
breakage of t h e  tunneled organ. I n  p e a r l  m i l l e t ,  stem-borer i n f e s t a t i o n  
appea r s  to be g r e a t e s t  i n  t h e  West Afr ican Sahel r eg ion ,  whereas sorghum 
t. & ~ c k e d  by st--borers on a much wider scale .  Reglonal variations occur  
tb predominant causal species,  e.g. p a r t e l l u s  and Sesamia i n f e r e m  
rP. me m i n  stem-borers of sorghum and pear l  mi l l e t ,  respect ively ,  i n  
wi Wlsswla fusca a d  Acigona lgnefusal is ,  respect ively ,  i n  West Afr ica .  
stm borers  a r e  d l f f l c u l t  t o  control .  O v l p s l t l o n  s l t e s  and l a r v a l  
~ v r o u r  make them d l f f l c u l t  t o  reach wlth ronventlonal l n sec t l c rde  sprays .  
use of granular systemlc lnsect lc ldes ,  however, car1 provlde s a t l s f a c -  
tow control,  but t he l r  use by small-scale sorghum and pea r l  m i l l e t  farmers 
in .uch of t he  t roprcs  1 s  m t  l l ke ly  to be wldely adopted fo r  some trme, 
for several reasons. 
There do not appear t o  be any management r r a c t l c e s  t h a t  car1 be u t l -  
l rzed Ln mere productive farmlng to  control  the stem borers ,  though ~t 
~ u ; d  probably be worthwhile to  make fu r the r  s tud le s  on the  t r a d l t l o n a l  
farming systems and the  blonomlcs of the  particular stem borers  i n  the  
regLon where control  1s to  be practiced. The overwlnterlng of the  p e s t  
appears t o  be a promlslng area fo r  fu r the r  evaluation of  possible manage- 
ment control .  In Indla, C. par t e l lu s  survkves the  lonq dry-seasons In 
dried sorghum s t a lks  whlch a r e  used prlmarlly a s  dnlmal fodder.  J u s t  how 
t o  eliminate the pest but malntaln the fodder 111 an edlble  and e a s l l y  
s tored form w l l l  be the  maln puzzle t o  solve. 
Research is underway in  several sorghum improvement programmes to 
f i n d  and use host-plant res is tance to  stem-borers. Effective screening 
techniques have been developed and major differences detected i n  suscep- 
t l b i l i t y  among genotypes ~n no-choice systems (Seshu Reddy & Davies 1978) .  
So, it is f eas ib l e  t h a t  5-10 years from now high-yieldlng c u l t i v a r s  of 
sorghum w i l l  be avai lable  with a hlgh l eve l  of host -plant  r e s i s t ance  t o  
stem borers.  Work with pear l  ml l l e t  is  some years behind. 
For t he  immediate future ,  farmers w i l l  have to  avoid p l an t ing  highly- 
suscept ible  cu l t i va r s ,  o r  have access (physical and economic) to, and be 
a b l e  to apply safe ly ,  granular systemic insect ic ides .  
Fungal l ea f  pathogens 
Sorghum and pear l  mi l l e t  leaves can be infected by many fungal spe- 
c i e s  causing spots,  les ions ,  and pustules  of various colours ,  shapes, and 
s i z e s  (Williams &. 1978). The r e s u l t  i s  a r~ii ,r , . t . ion of photosynthetic 
a r e a  with possible s ign i f i can t  reduction i n  w , I ce  of carbohydrate to f i l l  
t h e  grain. Information i s  generally lacking oti the  r e l a t ionsh ips  between 
the degree of leaf-blade des t ruct ion,  the  s tage of crop development, and 
t h e  consequent yield lo s s .  It is  probable t ha t  a hlgh l eve l  of des t ruc-  
t i o n  of the  lower leaves  of the  plant  during the  l a t e r  s tages  of g ra in  
f i l l i n g  has l i t t l e  o r  no d i r e c t  detrimental e f f e c t  on g ra in  y i e ld  (though 
fodder value could be s ign i f i can t ly  reduced), and t h a t  a high l eve l  of 
l e a f  disease before flowering would have a s ign i f i can t  negative e f f e c t  on 
y i e ld .  
Although systemic fungrcides a r e  ava i l ab l e  t h a t  could con t ro l  t h e  
var ious  fungal leaf pathogens of sorghum and pea r l  m i l l e t ,  t he re  is  l i t t l e  
chance that they w i l l  be used by small-scale t rop ica l  farmers on these  
two crops, f o r  several technical  and economical ressons. In  t he  absence 
of r e l i a b l e  management p r a c t i c e s  to con t ro l  l e a f  diseases, t h e  r e spons ib i -  
l i t y  f o r  keeping t h e  l e a f  d i seases  of sorghum and p e a r l  m i l l e t  under c o n t r o l  
W8t lie W i t h  the p l a n t  breedera. I n  t h e  d e v e l o p e n t  of new c u l t i v a r s ,  m u -  
t i n e  t e s t s  f o r  s u s c e p t i b i l i t y  t o  t he  potent ia l ly- important  l o c a l  l e a f  patho- 
gens  should b e  conducted, and corrective measures taken when s u s c e p t i b l l i t y  
is de tec t ed .  
P e s t s  of i n f lo re scences  
Specif l c  lnf lorescence p e s t s  
The major s p e c l f l c  i n sec t  p e s t  of sorghum inflorescences 1s  t h e  mrdge 
(Contar lnla  s o r g h ~ c o l a ) .  The t l n y  f l y  o v l p o s l t s  under t h e  glumes of young 
f l o r e t s ,  and the  e n t l r e  development of t he  ldrvae and t h e  pupae 1s 
wl th ln  t h e  p ro t ec t lve  coverlng of the  glumeh r c s u l t l n g  ln  complr t r  f l o r e t  
s t e r l l l t y .  The synchronlsat lon of  f lowerin?  tune wl thln  a reqion (how b l g  
a n  area  lt should be remains t o  be determlned) ,  along w ~ t h  avoldlriq t h e  use  
o f  hlghly susceptible c u l t l v a r s ,  appears  to be t h e  only p r a c t l c a l  c o n t r o l  
measure a t  p re sen t  f o r  t h l s  Lmportant pes t .  I t  i s  t e c h r i ~ i a l l y  very d l f f l -  
c u l t  to app ly  l n s e c t l c l d e s  t o  t h e  wel l -protected eggs and l a r v a e ,  even on 
expe rmen ta l  stations, and these  technical d ~ f f l c u l t l e s  a long wlth econo- 
mrc conslderat rons  make untenable t hc  use o f  l n s e c t l c l d e s  f o r  t h e  on-farm 
c o n t r o l  of mldge. 
The smuts I~i .a : r :o theca bpp. .311d Tol\:nsp. r lun. i b [ .  1 d ~ t .  ' t ~ c  xos t  
m p o r t a n t  and wl i c sp rea j  s p e c l f ~ c  fungal :~ri.oqer.s ~f s.,rqnw. 64.d pea r l  
m i l l e t  ~ n f l o r e s c e n c e s .  These fungl  i n f e c t  f l o r e t s  before  f e r t l l l s a t i o n  
and develop i n  place  of t he  g r a i n ,  produciriq masses o f  fungal spo res .  The 
smuts can be  divided l n t o  those t h a t  l n f e c t  the  Lnf lorescences  systemi- 
c a l l y ,  having in fec t ed  the  seed embryo the  prevlous  crop season o r  having 
in fec t ed  t h e  young seedl ing from seed- o r  so i l -bo rne  inoculum (Sphacelo- 
theca  spp. ) , and those  t h a t  i n f e c t  d l r e c t l y  from a  l r -borne inoculum 
-
reaching t h e  f l o r e t s  a f t e r  i n f lo re scence  emergence from the  boot  ( T a -  
sporium s p p . ) .  These two modes of i n f e c t ~ o n  have major imp l i ca t ions  f o r  
c o n t r o l  oppor tun i t i e s .  The seed- and s e e d l i n g - ~ n f e c t i n g  smuts can  be r ea -  
d i l y  con t ro l l ed  by seed-dress ings  with systemic fung ic ides  p r i o r  t o  p lan-  
t i n g  (Tarr  1962) .  The f l o r e t - i n f e c t i n g  smuts, however, a r e  extremely 
d i f f i c u l t  to con t ro l  with fungic ides ,  f o r  t he  requirements o f  t h e  t iming 
and placement of t h e  fungic ide  a r e  too p rec l se  f o r  p r a c t l c a l  l a r g e - s c a l e  
f i e l d  use. Thus fo r  t h e  second group o f  i n t l o r , . =  r,nce-infecting fung i ,  
hos t -p l an t  r e s i s t a n c e  and/or management pr.3, ' c e s  w ~ l l  need t o  be  used 
to ob ta in  successful  con t ro l .  
Less-specif LC l n f lo re scence  p e s t s  
E f f o r t s  of sorshum breeders  In t h e  l a s t  1 5  yea r s  have r e s u l t e d  I n  t h e  
development o f  c u l t l v a r s  w ~ t h  high p o t e n t i a l  g r a i n  y l e l d s ,  whlch In t h e  
most p a r t  a r e  cha rac t e r i s ed  by more-compact i n f lo re scences  and e a r l i e r  
flowering and matur l ty  than t r a d l t l o n a l  c u l t l v a r s .  Thls  earliness, neces- 
s a r y  to ensure  b e t t e r  so l1  moisture f o r  improved g r a i n  f i l l i n g ,  and t h e  
mote compact head h a b i t ,  has l ed  t o  increased damage from unspec ia l l zed  
g ra in - f eed ing  bugs (head bugs) and unspecla l ized grain-mold fung l  (Wil l iams 
& Rao 1981) .  Though p e s t i c i d e s  a r e  a v a i l a b l e  t h a t  a r e  h igh ly  e f f e c t i v e  
a g a i n s t  t h e s e  p e s t s ,  t he  t echn ica l  and economic d i f f i c u l t i e s  o f  g e t t i n g  
s u f f i c i e n t  q u a n t i t y  o f  the chemicals to the  developing seeds  a r e  enormous 
and preclude p e s t i c i d a l  con t ro l .  I f  such compact-headed and a l s o  e a r l y  
a-81 
a r e  needed In order  increase yie ld  potential, then resistance 
those unspecialrzed inf lorescence p e s t s  w l l l  a l s o  be needed i n  o rde r  
dJt y i e l d  po ten t l a l a  can be r ea l l s ad .  
e S  FOR INITGRATED Ot?i'ROL 
as indicated e a r l i e r ,  sorghum and pear l  m i l l e t  farmers have used 
*tagrated Control Systems t o  control  pes t s  of these  two crops  f o r  a  long 
w. So, what we a r e  r e a l l y  discuss ing a r e  t he  prospects  f o r  t h e  d e v e l o p  
-t of more-effective. higher l e v e l s  of i n t eg ra t td  con t ro l  t o  (a) f u r t h e r  
r.duce p e s t  damage l e v e l s  i n  traditional cropping systems, and ( b )  reduce 
*st problems t o  i n s ign i f i can t  l eve l s  i n  more In t ens i f l ed  cropplng systems 
llth new high-yield c u l t l v a r s .  Both a r e  important i f  t he  ever  rncreas ing 
f m d  gaps a r e  t o  be plugged. 
We have indicated above t h e  cu r ren t ly  available opt lons  f o r  con t ro l -  
l i n g  some of the  more important pes t s  of these  two crops .  I t  15 c l e a r  t h a t  
(a) host-plant  r e s i s t ance  can be found e f f e c t l v e  a g a ~ n s t  most p e s t s  (ex- 
cept ions  include the  unspec ia l~zed  seedl ing p e s t s ) ,  ( b )  systemlc chemicals 
t h a t  prevent o r  even e l iminate  established l n f e s t a t l o n s  o f  most p e s t s  
e x l s t  o r  can be developed (p re sen t  exceptions lnclude witchweed and midqe) ,  
and (cl management p rac t i ce s  can be employed t-hat reduce p e s t  chal lenge 
l e v e l s  (bu t  a r e  sometimes incompatible with the  requirements o f  ~ n t e n s l f i -  
c a t i o n  Of crop product ion) .  The combinations of p e s t  con t ro l  methods t h a t  
farmers eventual ly  adopt  w i l l  depend upon the ln t e rdc t lon  of s eve ra l  f ac -  
t o r s  including: ( a )  t h e  percept ion of  t he  po ten t i a l  damage and crop l o s s ,  
(b )  the yie ld- level  expecta t ion,  ( c )  the  knowledge of p s s l b l e  con t ro l  
measures, ( d )  the  physical  availability of the componerits o f  t h ~  poss ib l e  
con t ro l  measures, ( e )  t h e  economlc a v a i l a b r l i t y  of t he  components, ( f l  
t h e  t echn ica l  a b i l i t y  t o  use the  con t ro l  measures e f f e c t l v e l y  arld s a f e l y ,  
and (g) t h e  l e v e l  of l i k e l y  economic r e tu rn  for  t h e  ex t r a  investment,  
e f f o r t ,  and r i s k .  
The coun t r i e s  i n  which sorghum and pear l  m l l l e t  a r e  grown a s  s t a p l e s  
vary markedly, on a  continuum from those tha t  have well-developed a g r i -  
c u l t u r a l  research programmes, seed indus t r i e s ,  extension s e r v i c e s  and 
r ep resen ta t ion  of conmerclal companies t o  those t h a t  have v i r t u a l l y  no 
e f f e c t l v e  research and extension se rv i ces ,  no scril indust ry ,  and a r e  no t  
on t h e  comnercial companies' maps. The poss i t> .  LrtLes fo r  adopt ion of 
i n t eg ra t ed  p e s t  con t ro l  systems a t  farm level  w l l l  depend j u s t  where 
along t h a t  continuum a p a r t i c u l a r  country occurs,  and the  degree  of a c t u a l  
adoption w i l l  depend on the  in t e rac t ions  l i s t e d  above. 
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